Résumé. 2014 Nous discutons la formation de modes de modulation d'une version dissipative du modèle de Fermi et Ulam. La réponse résonnante du système à une perturbation périodique est étudiée expérimentalement et numériquement.
Introduction.
Like most Hamiltonian systems [1] the Fermi-Ulam model displays a very complex structure in its phase space [2] : islands of regular motions are submerged within the sea of chaotic trajectories. A general discussion of the effects which dissipation has on the trajectories of the originally conservative system can be found in our previous paper [3] . Below, we provide a more detailed study of the problem, illustrated with results of both numerical and mechanical simulations of the model.
Conservative origin of the stationary M (n,m) modes.
As shown in our previous paper, of infinitely many modes, which may be set within the conservative jumping particle model (JPM) only a few survive the effects of experimentally achievable dissipation (k --0.85). To simplify analysis of the problem, we limit ourselves to only a single mode M (1,3) ; however, the analysis is quite general and can be applied to any other mode. For the sake of clarity we summarize below some facts and formulae already discussed before [3] .
Motion of a particle jumping on a sinusoidally vibrating surface can be in the first approximation (*) Work described by the area-contracting (Zaslavskij-Rachko [4] ) version of the universal mapping :
in which Vi -1 and vi denote the velocities of the particle just before and just after the ith collision, Oi denotes the moment of time at which the collision takes place, A is the amplitude of the sinusoidally time dependent action of the vibrating surface and k denotes the fraction of the particle's momentum which is preserved during the collision. Any solution of (1) can be conveniently presented graphically within the (6i, vi) space, where gi denotes the phase at which the ith collision takes place i.e. : gi = Oi mod 2 n I (here, the period of the surface vibration is assumed to be 2 n). For However, in this case the whole orbit can be also densely covered due to the arbitrariness of the phase too with which such a trajectory may be initiated. Generally, the trajectories located near the (n, 2 n) points are unlocked [5] . Figure 1 A presents the central part of the JPM phase space calculated at A = 3. As seen in the figure, the period L of the trajectories in the vicinity of the (n, 2 n) centre equals 3; one such trajectory is seen as a cycle of three points (whose position along the elliptical orbit they determine is, however, arbitrary).
For larger values of the modulation amplitude a, the period exceeds 3. Any trajectory of such a period can be regarded as slowly rotating trajectory of period 3. Consequently, the trace left in the phase space after a finite number of iterations consists of three pieces extending along the elliptic orbit along which the rotation takes place.
Under even an infinitesimal dissipation the low amplitude (unlocked) trajectories turn into spirals converging to a point attractor formed at a (n -s, 2 n) point, where :
In this way dissipation destroys most of the infinitely many trajectories which, in principle, could be observed in the conservative case.
As the amplitude A of the surface action increases the commensurate trajectory of period 3 leaves its birthplace (the (n, 2 n) centre) and moves away from it Thus, at e.g A = 3.5 it can be found, as seen in figure 1 B, far away from the centre (now surrounded by trajectories of a period L 3). This time, however, it is already locked and two equivalent cycles of fixed points are formed-each surrounded by small islands of trajectories (in which a secondary modulation is imposed on the primary one). When the dissipation is switched on (see Fig.1 C) the secondary modulations become damped and the trajectories end in cycle point attractors located near the previous centres of the islands. As seen in the figure, at k = 0.99 both cycles of islands form their own attractors, but at the experimentally achievable k 0.85 they merge into a single cycle. Figure ID shows this case.
Results of the numerical analysis presented above explain clearly why the M(1,3) mode verified experi- 
